INTRODUCTION
Primary biliary cirrhosis (PBC) is a chronic cholestatic liver disease caused by attacks of the immune system on the bile ducts, leading over a long period of time to liver fibrosis, biliary cirrhosis and, eventually, liver failure (1) . PBC affects between 40 and 130 people per million, and 90% of patients are female (2, 3) . The only approved pharmacological treatment, ursodeoxycholic acid (UDCA), improves bile flow and liver function, whereas liver transplantation is still required in persons who have progressed to end-stage disease.
The course of PBC varies greatly from one patient to another. Some asymptomatic patients have a mean life expectancy similar to that of the general population, whereas survival is shorter in patients who progress to the symptomatic phase (4) (5) (6) (7) (8) . The natural history of PBC has dramatically improved with the introduction of UDCA. UDCA does cause a delay in referral for transplantation in patients with a perfect response to UDCA. However, up to 40% of patients do not respond to UDCA optimally and, accordingly, these patients have an increased risk of disease progression and decreased survival in the absence of liver transplantation (9, 10) . In the UDCA era, for both practical and ethical reasons, numerous studies were conducted regarding the natural history of PBC patients treated with UDCA; however, few studies were performed for PBC patients who did not undergo therapy. Investigations of the natural history of untreated patients may be helpful in understanding the natural history of patients with UDCA-resistant PBC and in developing criteria for assessing response to UDCA.
With respect to the evaluation of medical interventions on the disease, randomized placebo-controlled clinical trials constitute the gold standard in clinical research. Valuable information about the natural history of the disease could be collected from placebo-controlled trials. Because the placebo does nothing to directly cause a change in PBC, patients treated with placebos may be the most suitable subjects for the study of the natural history of PBC patients (11, 12) . The extraction and analysis of available information from randomized placebo-controlled trials of PBC treatment could facilitate the study of the natural history of PBC.
In this study, data on PBC patients who were treated with placebos were extracted from eligible randomized placebocontrolled trials for meta-analysis. The aim of the present study was to determine important clinical information on the natural history of PBC patients.
MATERIALS AND METHODS

Study design
The systemic review was conducted according to the guidelines of PRISMA (Preferred Reporting Items of Systematic Reviews and Meta-Analyses) (13) . Studies that conform to the following criteria were accepted: (i) a randomized placebocontrolled clinical trial in patients with PBC; (ii) minimum 24 weeks of treatment and (iii) primary outcomes that include at least one of the following: biochemical data, histological data, rate of liver transplantation, rate of complication and mortality. Trials were excluded for the following reasons: (i) relevant data were not extractable; (ii) patients had decompensated cirrhosis; (iii) patients had features of other coexistent liver diseases; (iv) patients had other diseases that may lead to abnormal liver function or may limit life expectancy and (v) patients in the placebo group were treated with basic active drugs, such as UDCA. Review studies, case reports, retrospective analyses, letters and abstracts were excluded from the review. If a study which met the inclusion criteria lacked original data, we attempted to obtain these data by contacting the original authors. The study was conducted in accordance with the Helsinki Declaration, and the research procedure was approved by the ethics committee of the first affiliated hospital of Zhejiang University.
Systematic literature search
Two authors independently retrieved and reviewed the published literature in the PubMed (1966 to December 2015), EM-BASE (1974 to December 2015) and Cochrane Library (2015, Issue 12) databases, limiting their searches to the English language. The search terms were 'primary biliary cirrhosis' , 'placebo' and 'randomized controlled trial' . We further searched the reference lists of the retrieved articles to obtain additional trials.
Data extraction and quality assessment Data extraction was performed by two independent reviewers. The recorded data included first author' s name, year of publication, country of publication, study protocol, sample size, randomized method, sex, mean age, severity of disease, schedules of medications, follow-up time, biochemical and histological outcome Table 1 . Characteristics of studies included in the analysis measurements, and clinical outcome. The quality of the included articles was ranked using the Jadad composite scale. We also assessed the adequacy of allocation concealment in accordance with the guidelines of the Cochrane Collaboration.
Statistical analysis
The differences in laboratory tests and histological scores before and after placebo treatment were presented as the mean and standard deviation. The pooled estimates of these differences in
Changes for biochemical variables (delta mean)
After two years of placebo treatment Table 2 . Methodological quality of trials included in the analysis the placebo arm were calculated using Meta-Analyst software (version 3.13, Tufts Medical Center; Boston, MA, USA). The pooled rate of each outcome in the placebo arm was calculated using R software (version 3.1.2). The Chi-square test was used to detect statistical heterogeneity. The I 2 statistic was used to determine the degree of inconsistency across studies due to heterogeneity. The fixed effect model was used to pool study data if the I 2 statistic was ≤50%; otherwise, the random effects model was used.
RESULTS
Description of trials
The search strategy yielded 135 articles. From these, we identified 56 potentially relevant articles by reviewing their titles and abstracts. Of the 56 articles selected for full-text review, 40 articles were excluded because they failed to meet the inclusion criteria. Only 16 articles, including 12 studies which reported sufficient data on PBC patients in the placebo arm, fulfilled the criteria for consideration in the review (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) .
The main characteristics of the 12 studies included in the meta-analysis are summarized in Table 1 . Of these, 5 were single centre studies and 7 were multi-centre studies. A total of 769 patients served as placebo controls. The average age was 54.8 years, and 693 (90.1%) of the patients were women. The sample sizes in the placebo groups of each study varied greatly, ranging from 8 to 173 patients. All patients were diagnosed with PBC based on the presence of clinical and histological features compatible with a diagnosis of PBC. Patients with decompensated cirrhosis and those who used drugs that might affect the course of PBC were excluded from the study. The quality of the included studies, as evaluated by the Jadad scoring system and allocation concealment classification, can be found in Table 2 .
Pooled biochemical changes
Nine articles reported available data on biochemical changes in the placebo group. After six months of placebo treatment, the pooled estimate of the change in the albumin level was -0.47 g/L (95% CI, -0.77 to -0.18). The changes in serum levels of aspartate aminotransferase (AST), alkaline phosphatase (ALP), total bilirubin (TB) and cholesterol were 3.36 U/L (95% CI, -8.40 to 15.12), 23.00 U/L (95% CI, -58.64 to 104.65), 0.57 μmol/L (95% CI, -3.29 to 4.43) and -6.40 mmol/L (95% CI, -19.34 to 6.53), respectively, in patients who were receiving placebos.
Additionally, the changes in serum IgG and IgM concentration were 1.30 g/L (95% CI, 0.56 to 2.03) and 0.37 g/L (95% CI, 0.13 to 0.60), respectively (Table 3) . Together, our studies found a slight decrease in serum albumin within six months. Serum IgG and IgM concentrations increased marginally within six months. (Table 3) . Together, our studies found a slight decrease in serum albumin within 2 years. However, we also observed a significant decrease in serum ALP and marginal decreases in cholesterol and triglycerides, which was unexpected.
Pooled histological changes
Liver biopsy specimens of the 149 patients in the placebo groups from four studies were staged and scored according to the Ludwig criteria. After two years of placebo treatment, the pooled estimate of the change in histological scores was 0.63 (95% CI, 0.27 to 0.99) ( Table 4 ). In addition, four studies including 204 patients provided data on the histological progression rate after two years of placebo treatment. Progression in the histological stage was observed in 39.4% of patients, ranging from 32.8% to 46.3% (Figure 1 ). There was no significant level of heterogeneity between the studies (I 2 =28.8%; p=0.2395).
Pooled incidence of clinical events
Of the 606 patients in the placebo group from eight studies, 71 died during at least 2-year follow-up. Detailed causes of death for 71 patients were extracted from eight studies. The two leading causes of death were hepatic failure and gastrointestinal bleeding. Only 46 of 546 patients underwent liver transplantation. All patients who underwent liver transplantation developed cirrhosis, and most of these patients reached the terminal stage.
The pooled estimate of 2-year mortality for PBC was 11.4%, ranging from 7.4% to 17.2% (Figure 2 ). There was a statistically significant level of heterogeneity between the studies (I 2 =63.3%; p=0.008). The pooled estimate of rate of liver transplantation within 2 years was 8.7%, ranging from 6.6% to 11.4% (Figure 3 ). There was no significant level of heterogeneity between the studies (I 2 =0; p=0.693). For complications associated with cirrhosis, gastroesophageal varices developed in 10.6% of patients (95% confidence interval, 3.6% to 27.5%) during 2-year follow-up (Figure 4) , with a statistical heterogeneity between the studies (I 2 =78%; p=0.0105).
DISCUSSION
Despite considerable advances in our understanding of the natural history of PBC following the introduction of UDCA, little improvement has been made in the natural history of untreated patients. In our study, we have pooled some data regarding blood chemistry measurements, histological scores and clinical outcomes in placebo-treated patients with PBC. These data will be helpful to understand clinical manifestations, progression Our studies have not shown any deterioration upon 6-month placebo treatment in blood chemistry measurements, except albumin and immunoglobulin. We reported a slight decrease in serum albumin in patients during 6-month studies. Meanwhile, we observed mild increases in serum IgG and IgM concentrations with time. The pooled analyses found that placebos could not prevent this deterioration of liver function. Similarly to what was observed during a 6-month follow-up, a slight deterioration in serum albumin level was observed in the placebo patients during a 2-year follow-up. In contrast, serum IgG and IgM concentrations remained practically unchanged over 2 years. Of particular significance is the observation that serum ALP levels decreased significantly at the end of the study in the placebo patients along with a slight decline in the levels of cholesterol and triglycerides. A possible explanation for why the ALP, cholesterol and triglycerides in the placebo groups decreased during follow-up is that these values fluctuate in the course of PBC; thus, this result should be interpreted with some caution. The current study provides important data regarding the natural history of untreated PBC and supports the notion that serum biochemical values have no obvious deterioration during a long course of this disease. In addition, our data suggest that biochemical measurements at the 2-year mark are not suitable for assessing therapeutic responses to UDCA in PBC patients, confirming the results observed by Papastergiou et al. (30) However, a greater number of patients with a longer period of follow-up will be required to obtain conclusive evidence.
Although the histological assessment of PBC is an invasive technique that is limited by sampling variation, subjective interpretations and limited frequency of biopsies, it is considered to be the gold standard for staging the progression of PBC. In our studies of PBC patients receiving a 2-year placebo therapy, moderate worsening of histological scores was noted; also, progression of the histological stage occurred in 39.4% of patients in comparison with the unexpected changes in the biochemical parameters. As noted, histological progression occurs relatively rapidly in most PBC patients, confirming the results reported by Locke et al. (31) ; thus, trials of a relatively short duration are likely to be informative when evaluating the risk for histological development. Together, these data may assist clinicians in assessing disease progression as well as in designing future clinical trials.
We used hard endpoints, such as death or transplantation. The mortality during 2-year follow-up in our study was 11.4%, which is in agreement with recent studies (6, 7) . In the majority of PBC patients who died, end-stage liver disease was the primary cause of death, and only a minority died of extrahepatic causes. The pooled estimated 2-year probability of transplantation was 8.7%. The high incidence of liver transplantation in the placebo group may reflect considerable clinical deterioration. However, there is no unified consensus about the indications and timing of liver transplantation, which affects the incidence of liver transplantation.
The development of portal hypertension, particularly gastroesophageal varices, has been identified as one of the factors for risk of death in PBC patients (32) . Symptoms related to portal hypertension in PBC usually develop after the onset of cirrhosis but occasionally can be found in precirrhotic stages. In our study, gastroesophageal varices developed in 10.6% of patients during a 2-year follow-up. This finding is in contrast to the report from Mayo et al. (33) , who observed the development of varices in 20.5% of PBC patients. This difference could be due to the fact that our follow-up was shorter (2 years vs 7.3 years).
There are several limitations to this study due to the limitations of the available data. First, we did not analyse the prognostic indices for predicating the natural history and indicating when transplant referral occurred for patients with PBC because the required data could not be extracted from the included studies. Second, patients have miscellaneous manifestations and outcomes at various times during the course of PBC; however, the potential heterogeneity could not be analysed due to unavailability of the data. We grouped and pooled all the patients without decompensated cirrhosis, regardless of their age, sex or severity of illness. Despite this limitation, our pooled analysis provided a general picture of biochemical and histological changes and clinical outcomes in a relatively large sample of PBC patients. Third, in the available studies, the duration of follow-up was variable, ranging from 6 months to more than 3 years; however, 2 years is the most commonly used duration. Although most of the patients progressed through histological stages within 2 years (31), the progressions of PBC are quite diverse. However, it is highly unlikely that a long-term placebo-controlled trial of PBC treatment will be conducted in the future. Although this would be the most rigorous method to confirm the conclusions of this study, it is impossible to perform such a trial due to practical and ethical issues (34) .
In conclusion, this study demonstrated the natural history of placebo-treated PBC patients. It showed that serum ALP levels decreased significantly and other biochemical parameters fluctuated slightly or were practically unchanged within 2 years. Meanwhile, histological progression occurred in more than onethird of PBC patients over a 2-year period. Thus, biochemical responses at the 2-year mark may provide little information on disease progression and therapeutic response. Furthermore, the 2-year rates of death, transplantation and development of varices were 11.4%, 8.7% and 10.6%, respectively. This information will further enhance the current understanding of the natural history of untreated patients and UDCA-resistant patients and will facilitate the development of new therapies for PBC.
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